AbstrAct
Chronic kidney disease (CKD) is an important public health issue that increasingly affects more patients globally and is associated with adverse clinical consequences with huge economic impact. Effective management of patients with CKD requires delivery of kidney care in a primary care setting where possible and at a higher level with a nephrologist when necessary to improve outcomes. In many instances and for various reasons, it is not possible to follow this pathway of care delivery. With improving telecommunication technologies worldwide, it is hoped that increasing utilisation of electronic communication devices can be used to facilitate kidney care to improve the quality of care delivered to patients, especially those who live in remote regions. Kidney care and therefore outcomes for patients with CKD is often compromised due to lack of access to a nephrologist, either because of distance or shortage of nephrologists, high proportion of patients being unaware they have CKD, lack of population screening for early detection of CKD and risk factors and prevention programmes and poor patient adherence and absence of appropriate CKD management strategies. Telenephrology can play a significant role in addressing these factors and therefore can be leveraged to improve CKD outcomes globally, especially in low to middleincome countries. This paper provides an overview on the potential role of telenephrology in enhancing access to and quality of care delivered to patients with CKD to improve outcomes.
IntroductIon
In the last decades, multiple chronic kidney disease (CKD) care models have been tested in different countries to enhance care and improve patient's outcomes. [1] [2] [3] An effective communication system between primary care physicians (PCPs) and kidney specialists is vital for the success of all forms of care delivery models.
Effective management of CKD patients requires that care should be delivered in a primary care setting where possible and at a higher level (secondary or tertiary care setting) when necessary. 4 Although early involvement of nephrologists in CKD care may improve outcomes for certain category of patients, 5 unnecessary referral patterns could deplete resources and may be unsustainable in areas serviced by few nephrologists. Telenephrology is a mechanism that facilitates direct communication between providers (PCPs and kidney specialists) or between patients and providers to exchange information for care delivery.
Telenephrology initiatives are being shown to be widely accepted by practitioners and could offer rapid access to specialist input to care. The impact of provider and patients' experience of care, population health and costs is still unclear. The research in this area is still rudimentary as studies are few and more often observational in nature. A recent systematic review has documented only 22 research studies from surveys and based on only 
Recommendations for policy
► Telenephrology is an important tool that could be leveraged to provide equitable access to kidney care in all parts of the globe but its important to understand areas of application with the most potential to make impact and the various key implementation barriers.
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utilisation/process measures. 6 There have been no studies yet on impact (efficacy and effectiveness) and costs.
Taking into consideration the role of clinical information system among the six core elements vital for provision of adequate care in chronic disease including CKD, 3 and the global advancement of telecommunication technology, the use of telehealth in nephrology has a great potential to enhance CKD care around the globe. 7 This paper explores the role of telenephrology for improving kidney care with a specific focus on potential applications with greater impact, role in addressing workforce scarcity and limitations and barriers to implementation.
telenephrology And ApplIcAtIon In KIdney cAre
Telenephrology is a term that refers to the application of telehealth in kidney care. 8 Telehealth uses electronic information and telecommunications technologies to support long-distance clinical healthcare, patient and professional health-related education, public health and health administration. 9 Telehealth services have the capacity to potentially support health systems with growing demands from ageing populations, management of chronic diseases and meeting the growing expectations of patients from healthcare providers. 10 The different facets of telehealth could be leveraged to optimise kidney care as summarised based on associated advantages and disadvantages (table 1). The use of telenephrology is intended mainly to address various challenges encountered in the provision of kidney care associated with an imploding epidemic of CKD, including: improving access in geographically remote areas; addressing the global shortage of nephrologists, especially in developing countries; increasing ability to continue patient monitoring; reducing cost of care provision; and improving efficiency and patient satisfaction as demonstrated in various studies summarised in table 2. 4 11-20 Telehealth encompasses a growing variety of applications and services using two-way video, the Internet, email, smart phones, wireless sensors and other forms of telecommunication technology. These applications can facilitate videoconferencing, 15 transmission of still images, 21 use of e-health portals (including patient portals), remote monitoring of vital signs, continuing medical education and nursing call centres (table 1) . 22 Due to its diversity and growing innovative processes, telehealth is recognised as constituting an expanding set of services for delivering care as opposed to a single technology with a number of potential applications for optimal kidney care. 23 using telenephrology to improve kidney care in developing countries and disadvantaged populations in developed world Developing countries already face a double burden of disease that comprises communicable diseases (HIV, tuberculosis, malaria, diarrhoeal diseases) and chronic non-communicable diseases, as well as myriad challenges in offering chronic disease care that includes a severe shortage of all cadre of healthcare providers. 24 In addition, they lack the resources to offer the usually resource intensive CKD care including adequate predialysis care, dialysis therapies and kidney transplantation. 25 There is therefore an urgent need for innovative ways to provide effective and quality care using currently available resources to the growing number of CKD patients.
In many developing countries, the rate of growth of digital infrastructure has surpassed that of physical infrastructure, and this minimises cost of applications of telenephrology tools (for example, the use of smartphones that widely is available among patients and care providers even in remotest of places). Affordable connectivity has strong implications for the future of healthcare, in particular where accessibility to specialist care is limited. 26 The ability to communicate through easyto-use, multiuser applications capable of transmitting audio or video streams, once available only in high-end teleconferencing or telehealth systems, has become an integral part of everyday lives in low and middle-income countries (LMIC). Given this technological environment, it is possible for several small, peripheral centres, typically led by PCPs or nurse practitioners, to be pooled into centrally led virtual nephrology centres. In cases without high Internet connectivity or lacking heavy investment for initial set-up, the relatively cheap e-mail facilities required for 'store and forward' telehealth is more feasible. Using e-mail and digital images consultations has been shown to enable prompt specialist consultation and PCPs support in chronic disease care including nephrology. 27 One practical way in which telehealth has been useful for providing nephrology service in developing countries has been through telepathology; using this means, digital images, including those of renal pathologies, can be transmitted for pathology education, research, diagnosis or consultation. 28 Using iPath, the web-based, open platform developed for telepathology, pathologists from around the world are able to provide diagnostic pathology support as well as pathology education to centres with limited resources. 29 Through this particular initiative, several successful telepathology meetings and pathology projects have been established in developing countries, including Solomon Islands, Egypt, Nigeria, Cambodia and India. 30 This resource, if adequately use, is likely to make a significant and positive impact on the diagnosis and treatment of various glomerular pathologies, especially in Africa where there are few nephropathologists.
The potential for growth of telenephrology in developing countries is enormous. Nephrology support of PCPs and other cadres of healthcare staff in remote communities via teleconsult, through mobile device phone messaging system, e-mail or teleconference has a potential to enhance collaboration and efficiency in CKD care thereby improving diagnosis, testing and BMJ Global Health appropriateness of referral. Moreover, teleconference links between city hospitals to rural hospitals will enhance capacity of the rural hospitals and ensure appropriate and timely referral systems.
Despite spending high amounts of funds on CKD care, there remains a pocket of disadvantaged populations in developed countries who may not have access to kidney care due to geographic barriers. This often means that patients must travel long distances to obtain care, which adds stress, imposes additional costs and may contribute to poor outcome. For instance, Tonelli et al have shown that the adjusted rates of death among patients in rural Canada initiating peritoneal dialysis was significantly higher in those living further from the nephrologists than those living within 50 km. 31 In this regard, telehealth may become useful in overcoming the geographic barrier and improve patient's access to specialised CKD care. Patients usually display a high degree of satisfaction when such services are available, and healthcare providers do not have to spend any extra time than usual care. 32 Telehealth has also been shown to be useful for managing remote haemodialysis units from tertiary referral centres with no difference in outcomes compared with patients followed up by an on-site nephrologist in an using telenephrology to improve cKd awareness Current awareness programmes, including World Kidney Day have become important platforms for community awareness of CKD and have also been used to engage with health authorities to increase their input on CKD-related matters. [34] [35] [36] One major problem with such platforms is that they are often one-off activities celebrated on an annual basis with no momentum for sustainability to maximise impact. The asymptomatic nature of kidney disease and complexity of CKD manifestations require that a continuous and sustained process of awareness is used to increase community consciousness of CKD. There is little evidence on the use or effectiveness of telenephrology to improve CKD awareness in the general population. Methods that could increase awareness include use of information blasts as advertisements by the leading advocacy organs such as the International Society of Nephrology (ISN) for at-risk population (people with diabetes, hypertension and cardiovascular disease) to have their kidney functions assessed (other associations like the American Heart Association have used this method) or simple short videos on the ISN or affiliated websites to address the need for kidney disease assessment. The effectiveness of such methods is an area in need of further research. using telenephrology to improve the adoption of best practice guidelines for cKd care and patient engagement to their care Previous decades have witnessed considerable growth in the amount of clinical studies on CKD, and these are being synthesised by international experts into best practice guidelines covering most aspects of CKD care. These guidelines are made easily accessible on Internet but their adoption into practice remains a huge challenge in †Non-dialysis CKD, haemodialysis population, peritoneal dialysis population, transplant population. ‡Single hospital, regional, national, special populations (remote communities, disadvantaged group, etc). §Accessibility (reduction in wait times), efficiency (time savings for providers and/or patients, cost savings, etc), satisfaction (providers and/or patients).
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CKD, chronic kidney disease; GP, general practitioner; PDA, personal digital assistant; SMS, short message service. 
all parts of the world; telenephrology could be leveraged to enhance adoption of guidelines and capacity building among the care providers. Patient education and awareness on active involvement in their own care is vital for quality care delivery, and information technology could be leveraged to achieve this objective. Mobile device short message service (SMS) has been used as a reminder to attend clinic appointments in various disciplines and has shown usefulness in improving adherence. [37] [38] [39] [40] One systematic review that included 35 randomised controlled trials reporting quantitative outcomes for haemoglobin A1c (HbA1c) in type 2 diabetes subjected to different interventions (telephone call or SMS, video-conferencing and/or informational websites, electronically transmitted recommendations made by clinicians) reported statistically significant lowering of HbA1c following intervention, compared with conventional treatment. 41 Effective patient engagement would enhance adherence to medications and compliance with monitoring and follow-ups that can facilitate quality care and minimise risk of disease progression and related complications.
bArrIers to AdoptIng telenephrology
The benefits of telenephrology to improve kidney care have been highlighted; however, various barriers may still make it difficult or nearly impossible to implement it in different parts of the world. For instance, although telecommunication services are growing worldwide, in many LMICs, access to Internet is still very limited, and where it is available, the network or signal strength may be so weak as to render use frustrating and difficult. Hence, telenephrology services that are web-based will not yet be feasible in such places. Another barrier that could hinder the integration of telenephrology into caring for patients with CKD is the level of engagement, knowledge and cultural barriers to adopting new technologies. [42] [43] [44] One study that investigated the use of an web-based patient portal for follow-up of patients with diabetes in Northern California found in an adjusted analysis that African-Americans and Latinos had higher odds of never logging on to the site compared with Caucasians, as did those without an educational degree (compared with college graduates (OR 2.3 (1.9 to 2.7)). The study concluded that those most at risk for poor diabetes outcomes may fall further behind as health systems increasingly rely on the Internet and limit current modes of access and communication. 42 Other factors that have been identified as barriers include a high attrition rate among users (either find more exciting apps or generally lose interest in usage), 45 46 lack of importance given to data in decision making, potential system corruption and insecurity, lack of training and poor infrastructure 47 and remuneration for time spent by physicians and nephrologists for review of electronic results and referrals. Although the importance of these factors will differ from one country to another, the integration of telenephrology into CKD care may only become possible where these barriers have been identified and resources put in place to address them. Finally, exchange of patient information would require a high-level privacy and security requirement that may pose challenges in certain domains of telenephrology as well as geographical settings due to varying or absence of appropriate regulatory frameworks.
conclusIon Burden and consequences of CKD continue pose huge challenges across world nations. Access to and quality of care for CKD remains suboptimal across settings partly due to limited access to appropriate expertise to deliver care. This reality is more evident in LMICs than in developed countries. Telenephrology holds promise to improve, increase or bridge the gap in kidney care in different countries based on current levels of care. Research is required in this area to guide decision making and to point the way forward.
